A set of the FLAPW basis functions is constructed within the criterion that lk+Gl-" , -(2r fc) x 5.5 with k being a wavevector in the first Brillouin zone (BZ) and G being a reciprocal lattice vector. In the expansion of the full-potential, the plane waves are considered up to lk*Gl-o, -(2trla) x 10.0. In the iteration process, the charge density in the crystal has been determined self-consistently by using the meshed k points which bisect the symmetry lines in the irreducible BZ. The iteration process has been repeated until the calculated total energy of the crystal converges into less than 1 mRyd. The lattice parameter a and the all MT radii used in these calculations are, respectivelg 5.6693 A8 and 0.2La. We neglected the lattice distortion in the all cases. The density of states (DOS) has been calculated with a linearly energy-interpolated tetrahedron methode'lo. The cohesive energy has been calculated from the difference between the total energy for the crystal and the sum of the total energies for the neutral atoms in the ground state configurations of. Zn (4r'), Se (4s2 4pn) and N (2s2 Zp3).
f. Introduction
Practical p-type ZnSe has been realized by MBE growth using a plasma source for N dopingl and these developments have led to the demonstration of II-vI laser diodes.2'3 However, an important and. serious problem still remains. Although the grown Znse layers can contain N atoms over 1018 cm-3, the free hole concentration is saturated at about 1017 cm-3 and abruptly decreases. 4 It is neccesarry to clarify the microscopic mechanism of this saturation process, namely, the compensation of the free hole carriers. Recently the total energy calculations heve been performed for all native point defects in Znse. 5 The result shows that native point defect concentrations are too low to cause compensation in stoichiometric Znse. Thus, we devote our attention to the behavior of N atoms.
In this paper, the electronic structure and the stability of the impurity complex involving two kinds of N atoms, a substitutional N atom and an interstitial N atom, are investigated by using the self-consistent fullpotential linearized augmented-plane-wave (FLAPW) method6. Then the compensation mechanism is discussed on the basis of the cohesive energy, the density of states and the charge density distribution.
II. Method
In A set of the FLAPW basis functions is constructed within the criterion that lk+Gl-" , -(2r fc) x 5.5 with k being a wavevector in the first Brillouin zone (BZ) and G being a reciprocal lattice vector. In the expansion of the full-potential, the plane waves are considered up to lk*Gl-o, -(2trla) x 10.0. In the iteration process, the charge density in the crystal has been determined self-consistently by using the meshed k points which bisect the symmetry lines in the irreducible BZ. The iteration process has been repeated until the calculated total energy of the crystal converges into less than 1 mRyd. The lattice parameter a and the all MT radii used in these calculations are, respectivelg 5.6693 A8 and 0.2La. We neglected the lattice distortion in the all cases. The density of states (DOS) has been calculated with a linearly energy-interpolated tetrahedron methode'lo. The cohesive energy has been calculated from the difference between the total energy for the crystal and the sum of the total energies for the neutral atoms in the ground state configurations of. Zn (4r'), Se (4s2 4pn) and N (2s2 Zp3).
III. Results and Discusslon
In Table I In the following, we discuss the compensation from the point of view of the DOS, the electron numbers in MT spheres and the charge density distribution.
The partial DOS (PDOS) for the compound with both u NS" and a Nirrl:Td(Zn) arc shown in Fig.2 , where the iesults for two different Nirrl positions (Td(Zn)l, Td(Zn)2) are drawn together. Each PDOS contains the contributions arising from Se 4p, NS" 2p and Ninl 2p states in each MT sphere. In Table I, the cases is explicitly shown in Table I . The electron number around a Ng" and Niol:Td(Zn)2 in the second case are entirely different fronr those in the first case. Thus, the compensation does not occur.
IV. Conclusions
In order to clarify the saturation mechanism of the free hole concentration in N-doped ZnSe, we have performed the FLAPW band calculations for the ZnSe compounds with various kinds of N impurities and discussed the electronic structure and the stability of impurity complex. Consequentlg we propose that the pairing of two kinds of N atoms, u NS" and a Nirr1, is a suitable mechanism for the compensation of the free hole carriers in heavily N-doped ZnSe. To go into the more detail discussion, we shall expand the size of the supercell and consider the lattice distortion.
